1. Introduction {#sec1}
===============

Moderate weight loss (\>5%) improves glycaemic control in people with type 2 diabetes mellitus (T2DM) as well as reduces the risk for cardiovascular disease and mortality \[[@B1]--[@B5]\]. However, weight loss in people with T2DM is difficult to achieve \[[@B6]--[@B8]\]. Recent meta-analyses of weight loss studies in people with T2DM \[[@B9]--[@B11]\] showed that lifestyle interventions result in an average 1--9% weight loss after six months. Studies however often report average weight loss, which omits the fact that some people did lose weight, averaged out with those being weight stable or gaining weight.

Research into factors related to difference in weight loss in overweight people and obese people (all without T2DM) has identified genetic factors, young age, male sex, a high baseline body weight, and older age of obesity onset as predictors \[[@B6], [@B12], [@B13]\]. A recent systematic review showed the strong effect of psychological and behavioural factors on weight-loss success \[[@B13]\], with a special focus on eating traits.

A combination of two specific eating traits, namely, high cognitive control over eating (restraint) and low stress-resistant eating (disinhibition), is strongly associated with weight loss success in obese individuals without T2DM, subjected to a lifestyle intervention \[[@B12], [@B14]\]. We hypothesize that this specific combination of eating traits, namely, high cognitive control over eating (restraint) and low stress-resistant eating (disinhibition), is also strongly associated with weight loss success in people with T2DM.

However, to date, previous studies have only been conducted in people without T2DM and by doing so, they disregard negative effects of T2DM-related metabolic changes. For example, insulin treatment averts weight loss, due to insulin preventing loss of glucose via urine and thereby stimulating fat accumulation \[[@B6], [@B12], [@B13]\]. Therefore, the aim of our study was to assess the association between eating traits and weight change after a lifestyle intervention in people with T2DM. We reexamined data from an ineffective lifestyle intervention in people with T2DM \[[@B15], [@B16]\].

2. Methods {#sec2}
==========

2.1. Study Design {#sec2.1}
-----------------

We reexamined data from a lifestyle intervention in people with T2DM \[[@B15], [@B16]\]; a randomized-control trial of 154 people with T2DM on the effect of cognitive behavioural treatment (CBT) (*n* = 76) versus control treatment (*n* = 78). The CBT consisted of three to six individual sessions of 30 minutes to increase the patient\'s motivation, by using principles of motivational interviewing, and ability to change their lifestyle, by using problem solving treatment. Although the overall weight loss in the CBT and control groups was averaged null (−0.05 kg) \[[@B15], [@B16]\], large intraindividual differences in weight changes were observed. About a third of the participants lost weight (−1 to −10 kg, *n* = 46), a third was weight stable (\> −1 and \<1 kg, *n* = 40), and a third gained weight (+1 to +15 kg, *n* = 39) after six months (see [Figure 1](#fig1){ref-type="fig"}). The Medical Ethical Committee of the VU University Medical Centre, Amsterdam, the Netherlands, approved the study design, protocols, information letters to the participants and informed consent form.

2.2. Population {#sec2.2}
---------------

The 154 people with T2DM were selected from the Hoorn Diabetes Care System cohort in West Friesland, the Netherlands. The Hoorn Diabetes Care System is a diabetes management programme, where people with T2DM annually visits the research centre for physical examination, information, and advice \[[@B17]\]. The selected participants fulfilled the following inclusion criteria: between 40 and 75 years old, able to understand the Dutch language, high risk for cardiovascular disease and diabetic complications. People with T2DM were considered at risk if they smoked and/or their body mass index (BMI) was ≥27.0 kg/m^2^ and/or their HbA1c-level was ≥52 mmol/mol (7.0%) \[[@B15], [@B16]\]. After six months, 6 participants discontinued the study (2 died, 3 refused to continue, 1 was treated for a severe disease), which leaves us with data of 148 participants of whom we have follow-up data. Of those 148 participants, 28 had missing data on eating traits at baseline or weight status at follow-up, leaving data of 120 participants for our current analysis. We observed no significant differences in age, sex, baseline weight, and HbA1c levels between participants who completed the study and those who dropped out or had missing data for eating traits or weight status (data not shown).

2.3. Measurements {#sec2.3}
-----------------

We determined weight at baseline and after the 6-month intervention. Furthermore, at baseline, we determined eating traits as well as possible confounders.

### 2.3.1. Eating Traits {#sec2.3.1}

Eating traits were assessed using the Dutch Eating Behaviour Questionnaire (DEBQ) \[[@B14]\]. This questionnaire consists of 33 items in two domains of eating traits, namely, restraint (10 items, including questions, e.g., "do you try to eat less at mealtimes than you would like to eat") and disinhibition, measured as external eating (10 items, including questions, e.g., "if food tasted good, do you eat more than usual"), and emotional eating (13 items, including questions, e.g., "do you have desire to eat when you are irritated"). The items were scored on a five-point scale (1 = never, 3 = sometimes, and 5 = very often). Initial reliability and validity were provided by van Strien \[[@B12], [@B14]\]. The linear regression analysis of the eating trait score entered continuously showed an interaction effect. In line with this result and previous research on these (combination of) eating traits \[[@B18]\], we dichotomized the scores in the two domains based on median scores; restraint score \> 3.0, external eating score \> 2.2, and emotional eating score \> 1.5. Participants were characterized as "successful dietary restrained" with high restraint and low disinhibition (restraint score \> 3.0 combined with external eating score \< 2.2 as well as emotional eating score \< 1.5);"unsuccessful dietary restrained" with high restraint and high disinhibition (restraint score \> 3.0 combined with external eating score \> 2.2 or/and emotional eating score \> 1.5);"low restrained" with low restraint scores (restraint score \< 3.0) combined with any external eating and/or emotional eating scores.

The low restrained group was used as the reference group \[[@B14], [@B18]\].

### 2.3.2. Weight Status {#sec2.3.2}

Weight (kg) and height (cm) were measured with participants wearing light clothes only, and the body mass index (BMI) was calculated as weight/height squared (kg/m^2^).

### 2.3.3. Other Measures {#sec2.3.3}

Questionnaires were used to determine demographic and clinical variables, including sex, age (years), diabetes duration (years), and diabetes medication, stratified into the following groups: no medication, oral medication, or insulin users.

Blood was drawn when fasted to determine levels of plasma glucose (mmol/l) and HbA1c (mmol/l or %). Plasma glucose level was measured using the hexokinase method (Roche Diagnostics GmbH, Mannheim, Germany). HbA1c-levels were measured with high-performance liquid chromatography.

Additionally, questionnaires were used to assess lifestyle factors, including smoking status by asking participants if they were a current/past/no smoker as well as the Short Questionnaire to Assess Health-Enhancing (SQUASH) Physical Activity to determine physical activity, which was coded as a dichotomous variable, \<30 minutes versus ≥ 30 minutes per day of physical activity.

Finally, depressive symptoms were determined using the Centre for Epidemiological Studies Depression (CES-D) scale. The overall score was calculated by summing up all scores, resulting in a score between 0 and 60. A score ≥ 16 implies depressive symptoms.

3. Statistical Analysis {#sec3}
=======================

First, normally distributed continuous data were presented as means (standard deviation) and skewed continuous data as medians (interquartile range). Second, we analysed the differences in the baseline characteristics between participants who completed the study and those who dropped out or had missing data for eating traits or weight status. Third, we analysed differences in the baseline characteristics for participants stratified for the three eating trait groups, using ANOVA or chi-square. Fourth, we used linear regression analysis to assess the association between combined eating trait groups and weight change after six months (model 1), with low restrained used as the reference group. We corrected for the following possible confounders: age and sex (model 2), insulin use (model 3), diabetes duration and levels of glucose and Hba1c (model 4), and physical inactivity, smoking and depressive symptoms (model 5). We determined confounders by assessing \>10% in reported betas from model 1. Finally, we tested for an interaction with the CBT intervention, by adding CBT as an interaction term. Statistical analyses were performed with SPSS version 20.0 (SPSS Inc., Chicago, IL), and a two-sided *p* value below 0.05 was considered statistically significant.

4. Results {#sec4}
==========

4.1. Participant Characteristics {#sec4.1}
--------------------------------

The 120 people with T2DM included in our current analysis were on average 60.9 years of age at baseline and 62% was male. Their overall weight loss success was limited, with weight change ranging from −10 kg to +10 kg (see [Figure 1](#fig1){ref-type="fig"}), with a third of the people being weight stable, a third losing weight \> −1 kg (average loss −2.6 ± 1.9 kg), and a third gaining weight \> +1 kg (average gain +3.3 ± 1.9 kg). The characteristics of the participants, stratified for eating traits, are summarized in [Table 1](#tab1){ref-type="table"}. We observed no differences between the eating trait groups in diabetes duration, insulin use, level of glucose and HbA1c, smoking, physical activity, or depression status. We did however observe that the successful restrained group were more often women and that the unsuccessful restrained were younger and had a higher BMI, compared to the respective other two groups.

With regard to association between eating traits and weight change after six months, we observed that when compared to the reference group (low restrained), the unsuccessful dietary restrained gained weight during the intervention, namely, 1.2 kg (confidence interval (CI) % = 0.1; 2), as shown in [Table 2](#tab2){ref-type="table"}. No significant change was observed in the succesful dietary restrained group. With regard to possible confounding, the association was not confounded for the unsuccessful restrained group, while we did observe confounding for the successful restrained group and low restrained group. Finally, we observed no interaction effect (*p* = 0.7) with regard to the type of intervention received (CBT or control) as shown in [Table 3](#tab3){ref-type="table"}.

5. Discussion {#sec5}
=============

The aim of our study was to assess the association between eating traits and weight change after a lifestyle intervention in people with T2DM. First, we observed that weight loss success after our intervention was limited, with only a third of the participants losing weight. Despite the small variance, we did observe that eating traits explained variance in weight loss results, with those who at baseline were unsuccessful dietary restrained, that is, high restraint scores as well as disinhibition scores, gaining body weight during the six-month weight loss intervention, while the others were weight stable. Notwithstanding having the highest BMI at baseline and thus having the most weight to lose, the unsuccessful dietary restrained gained weight during the lifestyle intervention. To our knowledge, we are the first to investigate this association in people with T2DM.

Our results were comparable to studies in obese people without T2DM \[[@B6], [@B12], [@B13], [@B18]\], with those who were unsuccessful restrained being less able to lose weight and even gaining weight during the intervention. The group we studied was however metabolically very different, compared to earlier studies, having included people T2DM who were at high risk for cardiovascular disease and diabetic complications. This advanced disease status might explain the overall limited weight loss observed in our intervention and thereby explain the small absolute differences observed between eating traits in our current study. This small absolute difference is however a big relative difference with about a third of the weight gain explained by eating traits in our current study.

Overall, the results of our current study showed that eating traits are strongly associated with weight loss success (or rather no success) in people with T2DM who were subjected to a lifestyle intervention. This information could aid physicians to personalize weight-loss treatment. Assessing eating traits at baseline and subsequent choosing the right type of intervention could prevent foreseeable weight-loss failure and thus weight gain. Personalized weight-loss treatment for people with T2DM could include deterring from starting weight-loss treatment, but also psychological, pharmacological (i.e., GLP-1 antagonist), or surgical (bariatric surgery) treatment options \[[@B19]\]. Future studies should provide the scientific evidence for these options.

Our study has some limitations that need to be discussed. We only measured change in weight and not the change in mediating behaviours, such as physical activity or food intake. Second, we studied only a relative small population of people in an advanced disease state. This might explain the small overall change in weight and small variance, which makes it harder to detect possible associations. Future research should therefore be conducted in a larger population of people with T2DM and study long-term and mediating effects.

This study also has several strengths. First, we are the first to study these associations in people with T2DM, while up until now only overweight participants without T2DM were included \[[@B6], [@B12], [@B13]\]. Overall, our data contribute to the knowledge on weight change in people with T2DM and could provide us with possible new angels for weight-loss trials in this high-risk group of people with T2DM.

In conclusion, we observed that the eating trait of being unsuccessfully dietary restrained is associated with weight-loss failure after a six-month lifestyle intervention in people with T2DM. This information could aid physicians to personalize weight loss treatment.
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###### 

Baseline characteristics of participants (*n* = 120).

                                                Low restrained (reference)   Successful dietary restrained   Unsuccessful dietary restrained   Overall *p* value
  --------------------------------------------- ---------------------------- ------------------------------- --------------------------------- -------------------
  Number                                        56                           12                              52                                
  Men (%)                                       71%                          33%                             60%                               0.04
  Age (years)                                   62 ± 9                       63 ± 8                          58 ± 8                            0.03
  Body mass index (kg/m^2^)                     30.1 ± 4                     30.8 ± 3                        33.7 ± 6                          0.002
  Diabetes duration (year)                      8.3 ± 5                      7.4 ± 5                         6.6 ± 6                           0.33
  Diabetes medication (% insulin users)         33                           17                              23                                0.31
  Fasting plasma glucose (mmol/l)               7.8 ± 2                      7.5 ± 1                         7.8 ± 2                           0.91
  HbA1c-level (mmol/l)                          6.7 ± 1                      6.4 ± 1                         6.8 ± 1                           0.33
  Smoking (current/past%)                       21/54                        17/42                           26/47                             0.77
  Physical activity ≥ 30 min per day (%)        64                           77                              71                                0.59
  Depressive symptoms (% of CES-D score ≥ 16)   17                           8                               23                                0.44

###### 

The association between weight (kg) change stratified by eating behaviour in people with T2DM (*n* = 120).

  Variable                          Model 1            Model 2            Model 3               Model 4            Model 5
  --------------------------------- ------------------ ------------------ --------------------- ------------------ ------------------
  Low restrained (reference)        −0.7 (−1; 0.1)     −0.2 (−1; 1)       **−1.2 (−2; −0.3)**   −2.0 (−5; 2)       −0.5 (−2; 1)
  Successful dietary restrained     0.01 (−2; 2)       0.2 (−2; 2)        0.3 (−2; 2)           0.1 (−2; 2)        0.1 (−2; 2)
  Unsuccessful dietary restrained   **1.2 (0.1; 2)**   **1.3 (0.1; 2)**   **1.4 (0.3; 2)**      **1.2 (0.1; 2)**   **1.2 (0.1; 2)**

Presented betas and 95% confidence intervals. Bold: *p* \< 0.05; Model 1: crude; Model 2: adjusted for age and sex; Model 3: adjusted for insulin use; Model 4: adjusted for diabetes duration and levels of glucose and Hba1c; Model 5: adjusted for physical inactivity, smoking, and depressive symptoms.

###### 

The association between weight change (kg) by eating behaviour in people with T2DM stratified for intervention type (cognitive behavioural therapy, CBT *n* = 52) and control (*n* = 68).

  Variable                          CBT             Control
  --------------------------------- --------------- ---------------
  Low restrained (reference)        −0.8 (−2; 1)    −0.6 (−2; 1)
  Successful dietary restrained     0.2 (−3; 3)     0.1 (−2; 2)
  Unsuccessful dietary restrained   1.3 (−0.5; 3)   1.3 (−0.5; 3)

Presented betas and 95% confidence intervals.
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